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INTRODUCTION
The advent of concrete as a construction material has been an im­
portant factor in the exploitation of the natural and domestic resources 
in the United States. Engineers, contractors and architects foresaw the 
vast possibilities concrete offered and were ever mindful in applying it 
to new and varied conditions. Perhaps the most notable of concretefs 
early use in the United States was the building of the canals to expedite 
the development of water transportation in the Eastern States. Since 
then, concrete has been used in almost every capacity as a construction 
material.
The development of the automobile offered new horizons for concrete. 
As the automobile became more popular and ascended from a novelty to an 
important and necessary means of transportation, the problems of supplying 
satisfactory roads became paramount. Economy and serviceability were the 
primary items to be considered. Dirt, gravel and macadam roads were first 
used and proved satisfactory for a period of time. As the automobiles in­
creased in number and load carrying capacity, the demands for better roads 
grew. It was only natural that the engineers turned to concrete as a 
possible solution to this new problem.
The first attempt at paving a road in the United States was in 
Beliefontaine, Ohio in 1893. This pavement was laid in blocks about 5 
feet square and although the numerous joints were objectional this pave­
ment gave satisfactory s e r v i c e . S i n c e  then, over 200,000 miles of 
streets and roads have been paved with concrete.
(1) Bruce and Clarkson. Highway Design and Construction. International 
Textbook Company, p. 467. 1951._______________________________ ______
Concrete has many desirable qualities as a paving material. A few 
of these qualities are: availability of materials, ease of placing,
2smooth riding surface, long life, low maintenance costs and freedom from 
dust. While the advantages of concrete are many, there are also some ob- 
jectional characteristics that limit and reduce its usefulness. The two 
most important of these undesirable qualities that are pertinent to high­
way pavements are: (1 ) the warping stresses imparted to the slab by 
temper at lire and moisture variations and (2) the inability of concrete to 
withstand the bending stresses produced by moving loads. Since the com­
pressive strength of concrete is approximately six times its tensile 
strength, failure usually results from lack of resistance to tension 
rather than lack of ability to withstand compression. To obtain greater 
tensile resistance, steel reinforcing, either of the bar or mesh type, 
was employed. This proved satisfactory to some extent but did not 
eliminate cracking of pavements adjacent to traverse joints that were 
subjected to heavy wheel loads.
A good subgrade is a prime requisite for the long life of the pave­
ment and special attention is given to its design and construction. How­
ever good the subgrade may be, if it is subjected to repeated heavy 
wheel loads, it settles away from the pavement leaving the rigid concrete 
slab, through beam action, to partially support the load. It is the lack 
of ability to bend and conform with the subgrade that produces the 
majority of cracks in concrete pavements. The best proffered solution of 
this condition is the use of the prestressing concept in design.
Prestressing is the term applied to the imposition of compressive 
stress on concrete for the purpose of preventing or diminishing tension 
stresses in service. Prestressed concrete has been used with success in 
structures but has not been applied to pavements, except in isolated 
experimental slabs. Prestressing of highway pavements depends upon the 
development of methods suitable for normal highway construction speeds,
3and designs which satisfy financial and service norms of this intensively 
standardized and competitive field. Only with exhaustive research and
(2) Friberg, Bengt F. "Pavement Research, Design and Prestressed 
 Concrete”. Proceedings of the Highway Research Board, p. 66. 1955.
constructive thinking can prestressed highways be realized.
Much research has been done in prestressed concrete in connection with 
structures over the past 20 years which has led to improved techniques and 
methods of prestressing. Investigations on shrinkage, concrete creep, wire 
creep and effects of humidity and temperature changes have been made with 
excellent results. The findings from these investigations have their 
limitation, however, vrhen they are applied to conditions which confront the 
designer of prestressed highway slabs.
Recent investigations of shrinkage, warping and length changes due to 
seasonal temperature and moisture variations have been conducted on pilot 
slabs under field conditions at the Missouri School of Mines. The results 
from these investigations will prove invaluable for the development of 
highway prestressing.
As important as these investigations were, conclusive design data 
will not be forthcoming until a more complete study is made on the creep 
characteristics in thin concrete slabs.
The phenomenon of creep in concrete is a necessary function, but by 
the same token, careful attention must be given to its magnitude and be­
havior under a sustained prestress load. The reduction of stress due to 
the permanent plastic deformation must be taken into consideration for the 
proper design of a prestressed concrete pavement.
It is the purpose of this research to investigate the creep in a 
thin concrete slab under a long-time prestress load with the compressive 
load being applied to the edge of the slab through a bearing plate of
small dimensions
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Seven plain concrete slabs, 3* x  4* x 4", approximately one year old, 
made of normal cement and approved aggregate were subjected to the 
following loading conditions: (1) Three slabs loaded at the center of 
the greater dimension with a prestress load of 20,000 pounds applied over 
an area of eight square inches, (2) Three slabs loaded symmetrically at 
six inches from each end with a prestress load of 20,000 pounds being 
applied over an area of eight square inches at each symmetrical point, and
(3) An unloaded slab used to measure variations in strains due to 
temperature, humidity and shrinkage*
By the use of SR-4 electric strain gages placed at predetermined 
points in the vicinity of the applied loads the values of the strains due 
to the applied load and subsequent creep were determined*
It is hoped that a more complete evaluation of creep can be compiled 
from the results of this investigation*
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REVIEW OF LITERATURE
Concrete creep is the nonelastic deformation, which continues to in­
crease with time, of concrete subjected to sustained load. Creep is 
desirable in concrete structures since the favorable distribution of 
stress produced by volume changes depends upon the ability of the concrete 
to adjust itself to stress conditions.
It has been suggested that creep of concrete may involve all three 
of the following types of yieldings: (a) crystalline flow (in a 
crystalline mass, slippage along planes within the crystals); (b) 
seepage (due to applied pressure, flow of the absorbed water from the 
cement gel); and (c) viscous flow (movement of particles, as in the flow 
of asphalt). A portion of the creep possibly may be due to crystalline 
or viscous flow; nevertheless, it is believed that the major portion is 
caused by seepage, which would appear to be the most acceptable explana­
tion of creep in concrete. Subjecting the concrete to an external load, 
the absorbed water is expelled from the gel. The rate of expulsion of 
moisture in this instance is a function of the applied load and of the 
friction in the capillary channels.(3)
(3 ) t vrrnan,Win-Um ~  "The Theory of Concrete Creep**, Proceedings of
the American Society of Testing Materials, Vol. 40. P» 1083. 1940«------
Among the published accounts there is no uniformity in the use of a 
term for the deformation due to a sustained load. Various writers 
designate it as "plastic flow", "time yield", "time deformation", "creep" 
and "flow". Throughout this paper, the term "creep" will be used for 
this phenomenon.
The research on creep has been extensive, but by no means complete. 
With the numerous variables present in the type and condition of loading
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and the properties of concrete, designers of prestressed concrete cannot 
pick a specific value of creep from any previously prepared data. It is 
an important fact, however, that creep in concrete under a sustained load 
does occur.
The amount of creep varies considerably with loading conditions, in­
tensity of the applied load, water-cement ratio of the concrete, age of 
concrete, density of the concrete, curing conditions of the concrete, 
physical properties of the aggregate, and fineness modulus of the 
aggregate.
Probably the first reference to creep of concrete is that regarding 
the experiments of W. K. Hatt made during 1905 and 1907* Reinforced con­
crete beams twelve feet long were loaded at the third points under a sus­
tained load and companion slabs were subjected to repeated loads. The 
age of the concrete at the time of loading was about sixty days. It 
appeared that the beams were stored in open air, without temperature con­
trol and without temperature or humidity records, and no account was taken 
of shrinkage due to moisture change. In his discussion Hatt said, ’These 
results, taken together show a sort of plasticity in concrete, by which 
it yields under the action of a load applied for a long time, or applied 
a number of times’*. ^  While the data obtained was not of much qualitative
(4) Davis, Raymond E. and Davis, Harmer E. **Flow of Concrete Under the 
Action of Sustained Loads”, Proceedings of the American Concrete 
Institute. Vol. 27. 1931. p. 887.______________________________________ __
value, it was clearly shown that the creep in concrete was of con­
siderable magnitude.
Tests were made at the University of Minnesota in the years 1913-1914 
under the direction of F. R. McMillan on several reinforced beams and 
slabs which were subjected to sustained loads. Deformations were measured
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between points set in the concrete in the top of the beams or slabs and 
in the steel in the bottom* Center deflections were also observed* The 
object of the tests was to study shrinkage, creep, and Poisson’s Ratio* 
These tests served not only to demonstrate that concrete does yield con­
siderably with time, but also point out the probable effects of flow 
(creep), especially when combined with shrinkage, on compound structural 
members, such as reinforced concrete beams and slabs*(5)
(5) Ibid,* p* 888*
E* B. Smith of the United States Bureau of Public Roads conducted 
tests on reinforced concrete beams and plain concrete cylinders under 
sustained loads in 1914-1915• The results of the beam tests were com­
parable to McMillan’s; however, the tests on the cylinders proved to be 
the most notable* It was probably the first attempt at measuring creep 
in a specimen under a sustained compressive load*
The next year Smith continued his experiments and conducted sus­
tained load tests on plain concrete cylinders with different aggregate 
proportions* He states in his conclusions, "The magnitude of the flow 
deformation (creep) vary quite largely with the kind of aggregates and 
mixture”*^)
(6) Ibid*, p* 893
R* E. Davis and H. E* Davis of the University of California have 
conducted an extensive research on the variables affecting the creep of 
concrete* The most important of these variables as related to this pro­
ject were: (1) age at time of loading, (2) condition of storage (as re­
gards moisture) and (3) magnitude of stress.
Under an applied load the results concerning the above variables 
showed that: the greater the age of concrete at the time of applying the
sload, the less creep occurred; concrete stored in air showed greater creep 
than concrete stored in water; the greater the magnitude of the applied 
stress, the greater the rate of creep*
(7) Ibid*, pp* 858-869.
Later tests by R. E. Davis, H. E. Davis and J. S. Hamilton, were 
conducted on plain concrete cylinders of various sizes* The results of 
these tests showed that for the same amount of stress applied, less creep 
occurred in greater masses of concrete.
The differences in flow (creep) between the various sizes of con­
crete masses are undoubtedly due largely to differences in the rate of 
seepage. In the larger masses, the total length of channel through 
which water must pass when expelled by pressure is greater, with a re­
sulting greater total frictional resistance to the flow of the water. 
Another contributing factor may be that water expelled from gel in the 
interior of the mass must pass through the gel nearer the outer portions 
of the mass. The larger the concrete mass, the greater the supply of 
water that can be drawn from the interior, with the result that the gel 
in the outer parts of the mass is less readily consolidated.
(8) Davis, R. E., Davis, H. E. and Hamilton, J. S., "Plastic Flow of
Concrete Under Sustained Stress”, Proceedings of the American Society 
for Testing Materials. Vol. 34. 1934. p. 368,__________________ ___________
Investigators in the past have conducted very few comprehensive 
studies on the creep in concrete one year old or older. The most im­
portant investigation of creep in aged concrete was the study of plain 
concrete columns six years old, under a sustained load for one year.
The results showed no significant creep.
Further investigations of creep in concrete are being conducted, 
but as yet the results are not available.
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CONCRETE
The materials used to make the concrete for this investigation were 
representative of the materials used by the Missouri State Highway Depart­
ment in the construction of concrete pavements.
CEMENT: The cement used for the project was normal type I portland 
cement. The cement was obtained from two sources and from a single burn 
at each source. They were blended together prior to mixing to eliminate 
the possibility of any variations in the properties of the cement. The 
two sources were the Alpha Portland Cement Coup any and the Missouri Port­
land Cement Company, both of St. Louis, Missouri.
SAND: The sand used was Meramac River sand which was obtained from 
the Meramac Sand and Gravel Company of Pacific, Missouri. This sand had 
a very uniform gradation and was used as received from the source of 
supply without further sieving or blending.
COARSE AGGREGATE: The crushed limestone used for coarse aggregate 
was obtained from Bussen*s Quarry in Lemay, Missouri. This stone was 
selected from a particular ledge in the quarry to insure uniformity of 
composition. The size of the coarse aggregate ranged from 3/4 inch 
maximum size down to a small percentage of limestone dust. The coarse 








Since the coarse aggregate gradation was sufficiently close to the 
above specifications, no sieving or reblending was necessary.
The information concerning the mix proportions and the physical 
properties of the materials mas furnished by the Missouri State Highway 
Department*
The mix mas designed in accordance with Missouri State Highway 
Department specifications to give a constant cement factor, a constant 
amount of excess mortar, and a slump of three inches plus or minus one- 
half inch*
Mix Proportions: 1:2*08:3*32 mix by volume
94 lbs* cement
227 lbs* sand (dry basis)
295 lbs* coarse aggregate (dry basis)
5*7 gal* mater - (effective)
1.51 cement faster 
Excess mortar 
Sand 109 lbs*/cu* ft*
Coarse aggregate - 89*5 lbs*/cu* ft*
Specific gravity of cement - 3*15
Specific gravity of sand - 2*55
Specific gravity of coarse aggregate - 2*66
Percent absorption of sand — 1*50/6
Percent absorption of coarse aggregate - 0,68%
The concrete for the test slabs mas mixed and placed in accordance 
with procedures suggested by the Missouri State Highway Department*
MTXTNfi AMD PLACING: The moisture content of the sand and coarse 
aggregate mas checked before each pour and the mix mas adjusted to allow 
for the amount of free water in the aggregate* The coarse aggregate, 
sand and cement mere placed in the mixer in that order and mixed dry for 
one minute* The mixing water was added and mixing mas continued for two 
minutes* As the concrete mas discharged from the mixer, standard slump 
tests mere taken to check the workability of the concrete* The concrete 
mas discharged from the mixer directly into the forms and then vibrated 
with an electric vibrator to produce as dense a concrete as possible 
without bringing excess mortar to the surface* Four batches of concrete 
were required for each slab*
11
As soon as the concrete had taken its initial set, wet burlap was 
placed over the slabs to allow the slabs to cure properly. The slabs 
were removed from the forms three days after pouring and placed in a 
storage area. Curing by means of wet burlap was continued for 15 days. 
The slabs were then moved to the testing site in the sub-basement of the 
old Metallurgy Building and allowed to air cure at room temperature until 
they were tested.
A standard 6” x 12” test cylinder was taken from each pour. These 
cylinders were then placed in a moist room for curing. After 28 days 
they were removed and tested for compressive strength. The average 
modulus of elasticity of the cylinders was found to be 4.86 x 10^ psi.
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PRESTRESSING
The equipment used for the application of the prestressed load to 
the concrete slabs was designed and made specifically for the project, 
with the exception of the hydraulic jacks. The following equipment was 
used in the prestressing operation. (See Figure 1)
RODS: High tensile strength steel rods, 3/4 of an inch in diameter 
and 55 1/2 inches long, were used as the medium to transfer the prestress 
load from the jacks to the slabs. The rods were threaded at each end to 
allow the use of the threaded jack couplings and the hardened steel nuts.
Tensile tests that were conducted on specimens of this steel indi­
cated a modulus of elasticity of 31,300,000 psi and an ultimate strength 
of 126,000 psi. The proportional limit of the steel averaged 100,000 psi 
or about 80% of the ultimate stress.^) The rods were prepared by the
(9) Best, John L. "Investigation of Length Changes in Prestressed 
Concrete Slabs with Outside Exposure”, Thesis, Missouri School of Mines 
and Metallurgy. Rolla. Missouri, p. 3 9 ___________________ _____________
L. E. Sauer Machine Company of St. Louis, Missouri.
Springs: Calibrated coil car springs were used to measure the 
amount of prestress load applied, and to maintain a constant load on the 
slab after the jacks were released. A combination of a large diameter 
outer spring and a small diameter inner spring was used. The load rate 
for the spring combination, as given by the manufacturer, was 784 pounds 
per 1/16 inch of deflection. Check tests were run on several of the 
springs and the results were in very close agreement with the furnished 
data. The springs were obtained from the American Steel Foundries of 
Hammond, Indiana.
PLATES: The back and front spring plates were made of steel with 
dimensions of 9 3/4n x 6” x 1” and 6” x 6n x 1” respectively. The back
±3
spring plate was fashioned with two 3/4 inch holes, 7 1/8 inches oh 
center, to provide a connection to the prestressing rods. Curved steel 
pieces were welded to the face of the plate to insure correct alignment 
of the springs. The front spring plate was designed with curved steel 
pieces on one face for the purpose of positioning the springs directly 
over the area to be loaded. A half-round steel bar, one inch in diameter 
and two inches long, was welded to the opposite face of the front spring 
plate to allow for lateral rotation.
The loading blocks were steel specimens 4tt x 2" x 1** with a 
triangular groove, 1/8 inch deep and two inches long, milled on one face 
to receive the half-round bar on either the front spring plate or the 
jacking plate, depending upon the location of the blocks.
The jacking plate was made of steel and had the dimensions of 13** x 
6W x 1M. Two 3/4 inch holes, 7 1/8 inches on center, were provided for 
the prestressing rods. A half-round steel bar, one inch in diameter and 
two inches long, was welded to a face of the plate to provide for lateral 
rotation.
The loading pads were made of 1/4 inch plywood and had face di­
mensions of 4” x 2M. The pads were placed between the loading blocks 
and the slab to insure a uniform distribution of the applied load to 
the slab.
Twin hydraulic jacks, operating from a single pumping cylinder, were 
used to apply the prestressing load.
PRESTRESSING PROCEDURE: Two wooden stands with adjustable platforms 
were used to hold the springs and plates and the jacks in position until 
the prestressing load was applied. A stand was placed at each end of the 
slab with the platform adjusted to the desired height. The spring 
assembly, consisting of the back spring plates, the spring combination and
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the front spring plate, was placed on the platform in approximately the 
correct position. The jacking plate was then placed on the platform of 
the other stand, and the two prestressing rods were inserted through the 
holes in the back spring plate and jacking plate. The washers and nuts 
were placed on the rods, and the nuts were tightened until enough force 
was exerted upon the loading blocks and pads to hold them in position 
while the entire arrangement was positioned and aligned exactly. After 
the jacks were leveled and aligned carefully with the prestressing rods, 
the couplings on the jack rams were screwed on the threaded ends of the 
rods. As the load was applied from the jacks, measurements of the spring 
deflection were taken to the 1/32 of an inch with the use of calipers and 
a steel machinist’s rule, graduated to the 1/64 of an inch. When the 
deflection on the springs indicated that a load of 20,000 pounds had 
been attained, the nuts on the rods were tightened snugly against the 
jacking plate. The jacks were then released.
When prestressing the slabs with symmetrical loads, the upper posi­
tion was prestressed first. The platforms were then lowered and the 
prestressing operation continued at the lower symmetrical point.
The entire prestressing operation for the slabs, loaded at the 




The strain measuring equipment U3ed in this investigation consisted 
of SR-4 wire resistance strain gages and a SR-4 strain indicator. The 
gages and the indicator were made by the Baldwin*»Lima—Hamilton Corporation 
of Eddy stone, Pennsylvania.
This equipment is perhaps the most commonly used for the measurement 
of strains of small magnitude. SR-4 strain gages are available in 
different lengths and types to fit the requirements of the research. The 
strains as indicated by the SR—4 strain indicator are average strains per 
unit length so that gages of comparatively short gage lengths may be used 
to accurately measure strains at a point. Gages of very short gage 
lengths, 3/8 to 3/4 inch, were not considered for this investigation be­
cause of the possibility of the gage being placed entirely on a piece of 
aggregate or mortar when positioned on the concrete slabs. Long gage 
lengths, two inches to six inches, would tend to eliminate this condition 
but would not give a true value of the strains at a point.
The SR—4 gages are easily applied to the surface of a specimen to be 
tested, and when properly applied they will give excellent results. How­
ever, precautions must be taken to insure the proper functioning of the 
gages when used over a long period of time.
STRAIN INDICATOR: The SR—4 strain indicator, consisting of a 
battery powered Wheatstone bridge balancing unit, was used to measure 
the small changes in the resistance of the gage wires. However, no mathe­
matical calculations were necessary to convert the change in resistance to 
strain as the readings taken from the dial of the indicator were in 
micro-inches per inch.
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STRAIN GAGES: Basically, the SR-4 strain gage consists of about 
five inches of one mil wire cemented between two pieces of paper* The 
wire in the gage is in the form of a grid consisting of a series of long 
parallel loops* Larger diameter lead wire is soldered to the two ends of 
the grid wire* A protective layer of felt is used to cover the top side 
of the gage to prevent damage in handling* The principle on which the 
gages are based is that the electrical resistance of a wire varies as 
the diameter of the wire varies* The diameter of wire varies with the 
change in length of the wire* Thus, if the wire is subjected to a ten­
sile force, the wire elongates and the diameter of the wire is decreased. 
Conversely, if the length of the wire is shortened due to a compressive 
force, the diameter of the wire is increased* If the resistance of the 
wire is known before and after it is subjected to an acting force, the 
amount of strain in the wire can be calculated*
The two types of SR-4 strain gages used were: a linear gage, type 
A-l, that measured strain along one axis and a rectangular rosette gage, 
type AR-1 that measured strains along three axes. The AR-1 gage consists 
of three normal linear strain gages mounted one on top of another, with 
the axis of two gages being at a right angle and the axis of the third 
gage bisecting the right angle. Both the AR-1 and A-l gages had gage 
lengths of 13/16 of an inch.
PREPARATION OF TOE SLABS FOR TESTING: The areas on the slabs to 
which the gages were to be placed were brushed thoroughly with a wire 
brush to dislodge any soft outer layer of mortar. The areas were then 
washed with SR-4 cleaning solvent to obtain a clean surface. After the 
areas were dry, the gage locations were marked on the areas with pencil.
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The slabs with center loading and symmetrical loading had two and 
four areas respectively to which the strain gages were attached. The 
areas were designated as slab quadrants in the strain gage data. A 
quadrant represented the critical area on the slab under the applied 
load. (See Figure 4). The position and number of each gage was the same 
for all quadrants on the slabs with the same condition of loading.
(See Figures 2 and 3).
The areas were then given the first coating of SR-4 cement to seal 
the slab against loss of water from the slab or gain of water from the 
atmosphere. After the first coating had dried sufficiently, a second 
coating was applied to further seal the area and also to fill any small 
holes caused either by air bubbles in the concrete or by grains of sand 
being dislodged when the area was brushed.
The day after sealing the slab, the gages were attached at the pre­
viously located points with SR-4 cement. The application of the gages 
was done carefully with special emphasis on axis alignment and complete 
adherence of the gage to the concrete. After allowing the cement to dry 
for a minimum of 24 hours, the lead wires were soldered to the gages. A 
plastic coated #18 thermostat cable, four feet long, was used for the lead 
wires. The wires were fastened securely to a C-clamp attached to the slab 
to prevent the gage from being disturbed when the lead wires were handled 
during the testing operation. The wires were then anchored to a small 
wooden stand used to hold the indicator box during testing. A gage was 
placed at an unstrained point at the top edge of the slab to serve as a 
temperature compensating gage. The same precautions were used in pre­
paring the area and in cementing the compensating gage as was used for 
the active gages.
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A high moisture content in the air has a noticeable effect upon 
SR-4 strain gages and erratic readings usually result unless some means 
of waterproofing the gages is used. For normal laboratory temperature 
and humidity, there is usually no attempt at waterproofing SR-4 gages. 
However, since the gages for this investigation were in use for a minimum 
of fifty days, the gages were treated with a waterproofing compound.
After the lead wires were soldered to the gages, two coats of Acrylic 
plastic were sprayed over the gages and the soldered connections to 
minimize the effect of humidity on the gages.
The prestressing load was not applied to any of the slabs until the 
day following the waterproofing of the gages to allow the waterproofing 
compound to dry thoroughly.
Immediately prior to the application of the prestressing load(s) to 
a slab, an initial reading on all the gages were taken by the strain 
indicator. The complete the electrical circuit of the Wheatstone bridge 
arrangement of the indicator, the lead wires from the compensating gage 
were connected to the compensating gage terminal posts on the indicator 
box and the lead wires from each active gage was connected in turn to the 
active gage terminal posts. The circuit was then balanced and the dial 
reading recorded. Fifteen minutes was required to take readings on all 
gages in one slab quadrant.
A s soon as the load(s) had been applied, readings were again taken 
on all the gages. The resulting strain constituted the elastic defor­
mation caused from the applied load. These data were used to compare 
theoretical stress values at critical points with stress values computed 
from the strain data.
Readings for center loading were taken at the following time inter­
vals from loading: immediately after loading, 1  hour, 3 hours, 7 hours,
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15 hours, 30 hours, 4 days, 8 days, 16 days, 32 days and 50 days. The 
symmetrical loading readings were taken immediately after loading, 1 day, 
2 days, 4 days,. 8 days, 16 days, 32 days and 50 days# The differences 
between the initial reading and the subsequent readings of the gages 
after the load was applied, was tabulated in Table I#
Linear gages were attached to an unloaded slab to obtain information 
concerning effects of temperature and humidity on the concrete and the 
attached gages.
Temperature was obtained from a thermometer attached to the slab 
and humidity readings were taken by the use of a sling psychrometer#
A small paper tag, labeled with the gage number, was attached to the 
lead wires of each gage on both the loaded and dummy slabs to serve as a 
means of identifying the gage during the testing operation.
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STRESSES IN SLABS
A comparison was made of theoretical stress values computed from an 
equation of elasticity and values of stress computed from the experi­
mental strain data.
When a concentrated vertical force P acts on a horizontal straight
boundary of an infinitely large plate the distribution of stress is
called a simple radial distribution. Any element C at a distance r from
the point of application that is subjected to a simple compression in the
~2P Cos©.
radial direction, the radial stress is 7T r . The tangential
stress O© , and the shearing stress r© are zero.(10) (See Figure 6)
(10) Thimoshenko, S. and Goodier, J. H. Theory of Elasticity, McGraw- 
Hill Rook Company. Inc.. 1951. p . 85-86.______ _ ____________________ _____
The theoretical equation considers the material of the plate to be 
homogeneous and perfectly elastic and the applied force to be a concen­
trated load on the plate. The conditions of loading and materials of 
this investigation do not meet the requirements for the equation to hold 
exactly, however, the equation is the most applicable for the deter­
mination of radial stress that could be found from available material.
Stress was computed from theexperimental strain data from the slabs 
and the modulus of elasticity of standard 6,f x 12 M cylinders tested in 
compression. Values for the modulus of elasticity of the slabs were 
obtained from previous investigations of cylinder strengths and modulus 
of elasticity at 84 days. The previous investigation consisted of the 
identical design mix of concrete, same method of pouring and placing, and 
the same curing conditions as the 28 day cylinders for this investigation. 
It was felt that the greater age of the cylinders would more closely in­
dicate the modulus of elasticity of the slabs at the time of loading.
21
Radial stress is equal to the modulus of elasticity times the unit 
strain. The symbolic notation for the equation is 0"r * E x £  •
In Tables I and II the gage, slab, average strain, theoretical and 
experimental values of stress and the differences of theoretical and 











Figure 1. ARRANGEMENT FOR PRESTRESSING SLABS
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Figure 5. GAGE LOCATION FOR DUMMT SLAB
£7
p
FIGURE 6. FIGURE FROM WHICH STRESSES IN AN ELASTIC SOLID
ARE COMPUTED
£8
SPRING ASSEMBLE OF PRESTRESSING ARRANGEMENT
Figure 7
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DUMMY SLAB AND SR-4 STRAIN INDICATOR 
Figure 9
31
QUADRANT OF SLAB LOADED AT THE CENTER 
SHOWING STRAIN GAGE LOCATION
Figure 10
32
RIGHT HALF OF SLAB BEING PREPARED FOR SYMMETRICAL 
LOADING SHOWING QUADRANTS 2 AND 3
Figure 11
TABLE I
EVALUATION OF SLAB STRESSES FOR SLABS 
WITH CENTER LOAD
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EXPLANATION OF TABLES I AND II
Tables I and II consists of stress values and related strain data 
used in the computation of stresses for the slabs with center loading and 
symmetrical loading respectively* The modulus of elasticity of concrete 
used in the computations was 5*21 x  10^ psi as determined from standard 
compression cylinders 84 days old*
(11) pqiHwirij wi 11 i am M. The Magnitude and Directions of Strains and 
Stresses in Edge Loaded Concrete Slabs* Thesis, Missouri School of Mines 
and Metallurgy. 1956. p. 54*___________ _ _____________________________ __
The equation from the theory of elasticity, radial stress =
-2 P Cos Q was used for the theoretical value of stress* (See Figure 
"IT r  -t 6).
P —20,000 pounds
0 a* 45° or 0° depending on gage location, 
t =» 4 inches, thickness of the slab
r =t 3, 6 or 9 inches, radial distance depending upon gage 
location*
All the stresses shown are compressive.
The percent difference in the experimental stress value and theore­
tical stress value was found by dividing the difference of the two stress 




inter >ad EVALUATION OF SLAB STRESSES „ c .E » 5.21 X 10P P»1




cr= E x e  r s '
STRESS FROM THEORY OF 
ELASTICITY EQUATION
cr= * P  ----  Pi,
PERCENT DIFFERENCE OF 
THEORETICAL AND 
EXPERIMENTAL VALUES
3R 10 - 60 313 375 16.5
3R 20 - 55 287 375 23.5
3R 4 - 58 302 375 19.5
10R 10 - 65 349 375 7.0
ICR 20 - 55 287 375 23.510R 4 - 58 302 375 3.9.5
4R 10 -178 928 750 24.0
4R 20 -155 808 750 7.5
4R 4 - U 2 7 a 750 1.0
9R 10 -192 1000 750 33.0
9R 20 -144 751 750 0
9R 4 -112 584 750 22.0
6R 10 -260 1355 1060 28/9
6R 20 -205 1070 1060 1.0
6R 4 - H O 730 1060 31.0
7R 10 - 98 511 530 3.5
7R 20 -100 521 530 2.0
7R A - 98 511 530 3.5
8 10 - 85 443 354 25.0
8 20 - 76 398 354 12.5
8 A _  - .58 302 354 14.5
TABLE II
EVALUATION OF SLAB STRESSES FOR 
SLABS WITH SYMMETRICAL LOAD
TABLE II EVALUATION OF SLAB STRESSES „ JlSymmetrical Load E * 5.21 X 10P psi
GAGE SLAB AVERAGE STRAIN X 10-6 in/ine
STRESS FROM 
EXPERIMENTAL DATA
cr - E  x e  psi
STRESS FROM THEORY OF 
ELASTICITY EQUATION
re- aP cos 6  pc,
PERCENT DIFFERENCE OF 
THEORETICAL AND 
EXPERIMENTAL VALUES^ 7^T .1
3R 8 - 91 474 375 26,5
3R 28 - 58 302 375 19.5
3R 26 - 88 * 458 375 22.0
4R 8 -143 745 750 0.5
4R 28 -no 573 ' 750 23.5
4R 26 -195 1018 750 36.5
SR 8 -148 771 750 3.0
SR 28 -140 730 750 3.0
8R 26 -185 965 750 28.5
5 8 -115 600 354 69.5
5 28 - 86 448 354 26.5
5 26 -114 594 354 67.5
6R 8 -151 787 530 48.5
6R 28 - 98 510 530 4.0
6R 26 -144 750 530 41.5
7R 8 -210 1095 1060 3.5
7R 28 -193 1005 1060 5.0
7R 26 -266 1385 1060 31.0
Figures 12 and 13 
GRAPHS OF STRAIN vs TIME 
(DUMMY SLAB)
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EXPLANATION OF FIGURES 12 AND 13
Figures 12 and 13 consists of graphs of Strain vs* Time. The strains 
were obtained from the strain gages attached to the dummy slab. The 
strain readings were taken over the entire time interval the loaded slabs 
were being tested. An initial reading was taken on all the gages, ex­
cepting numbers 5 and 10, on the 9th of June, 1957. The initial reading 
of a gage was plotted as zero strain and the difference between the 
initial reading and the subsequent readings at later dates were plotted 
as the ordinates. The absciasa of each plotted point was the day on 

















GRAPH OF HUMIDITY AND TEMPERATURE vs TIME
FIGURE 14
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EXPLANATION OP FIGURE 14
Temperature and relative humidity readings were taken at each 
testing of the dummy slab* These readings were plotted on the same 
time scale as the strain readings in an effort to show that temperature 
and humidity variations do effect the strain gages*
44
FIGURES 15 THROUGH 30
GRAPHS OF STRAIN vs TIMS FROM LOAD
46
EXPLANATION OF FIGURES 15 THROUGH 30
The graphs of Strain vs. Time From Load were drawn to show the 
characteristics of creep strain in thin concrete slabs subjected to an 
edge load.
Since the direction of the principal strain at a point on the slab 
was along the axis of the radial leg of the rosette strain gage and the 
tangential stress was zero, the change in values of the tangential strain 
was used as a means for correcting the radial strains.
The immediate strain from load was plotted at zero hours. The total 
strain including the immediate strain plus any creep strain was used as 
the ordinate and the time from load was used for the abscissa of each 
succeeding point on the graph. A note of change in the abscissa scale 
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EVALUATION OF SLAB STRESSES: The strain obtained from the slabs 
•with center loading indicated that the magnitude of stress values from 
the experimental data were in close agreement with the stress values 
determined from the theory of elasticity equation. The stresses at the 
points nearest to the load showed the greatest variation between the two 
values, the maximum difference being 33*0%. The point six inches 
directly under the load showed the closest agreement between the theore­
tical and experimental values. For all slabs an average modiolus of 
elasticity was used to determine the stresses from the measured strains. 
Therefore, average values of the strains from the three center loaded 
slabs will give more representative values for comparison of theoretical 
and experimental stresses.
Stresses on the slabs with symmetrical loads showed greater 
differences between the theoretical and experimental values than the 
slabs with center loading. The presence of an additional free boundary 
of the slab in the vicinity of the applied load made the theoretical 
equation less applicable to the slabs with symmetrical loads than slabs 
with center loads.
DUMMY SLAB: The strains obtained from the gages attached to the 
dummy slab indicated that the, humidity and temperature of the surrounding 
air affected the gage readings. However, the increase in tension strain 
in the gages showed that the gages were being subjected to other than 
normal temperature and humidity conditions. A possible explanation 
would be that the gages absorbed moisture from the slab, thus causing 
strains that were not representative of the strains in the concrete 
itself.
It was found that no correlation could be made between the gages of 
the dummy slab and the loaded slabs.
CREEPt The tangential leg of the rosette strain gage was not sub­
jected to stress, consequently no creep could take place. Therefore, 
any change in strain after the load was applied was due to conditions 
other than creep.
The changes of strain values obtained from the tangential leg of 
the rosette gage were used for correcting the radial strain to secure 
magnitudes and characteristics of creep in concrete.
From the time immediately after the load was applied until eight 
days later, a large number of the gages showed that no appreciable 
creep had taken place. After the eight day period the majority of the 
strain gages showed erratic strains. At 50 days after loading only 
eighteen of the 73 gages used for creep determination, were functioning 
properly.
The creep at 50 days after the application of the load, as deter­
mined from eighteen gages, was found to vary from 0 to 100$ with an 
average value of approximately fifty percent of the elastic strain the 
concrete received from the applied load. The magnitude of creep strain 
and the characteristics of the creep curves for the concrete were 
approximately the same for both center and symmetrically loaded slabs.
In conclusion it can be stated that: (a) theoretical stress values 
that are computed from the theory of elasticity equation are applicable 
to concrete slabs loaded on an edge where no free boundary, other than 
the one to which the load is applied, is in the vicinity of the applied 
load, (b) linear SR-4 strain gages are not suitable for the determination 
of shrinkage in concrete over a long period of time, and (c) concrete, 
one year old, under a long time prestress load produces creep strains 
that are approximately 50$ of the initial elastic strains.
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APPENDIX A
STRAIN DATA FOR SLABS WITH CENTER LOAD
Appendix A consists of the strain data obtained from the gages 
attached to the slabs subjected to a prestressing load* The strain 
that resulted from theapplication of the load was symbolized by £. 
the strains observed at the various time intervals after the load was 
applied were listed Tinder the heading ,,Time From Load**.
All strain values were referenced to the unloaded condition of 
the gage, i.e., zero strain, and all time intervals were referenced to 
immediately after loading the slab. No strain readings were taken on 
slabs 4 and 28 at 16 days and 1 and 2 days respectively, because of the
delay encountered in securing new batteries for the strain indicator.
\
The radial, tangential, and diagonal legs of the rosette gage were 
designated by R, T and D respectively. Where the diagonal leg of the 
rosette gage was placed on the radial axis, the other two legs were 
designated as Dh and Dv. The quadrants for the linear gages A, B and 
C on the symmetrically loaded slabs were denoted by L and R which repre­
sented the left and right side when facing the slab.
Plus signs (+) indicate tension and minus signs (-) indicate com­
EXPLANATION OF APPENDIX A & B
pression for the strain
C E N T E R  L 0 A D
D A T A  S H E E T
S T R A I N  X 1 0 “ 6 :I n / l n
TIME FROM LOAD
r» APT? CT AP nTTAnLrAUCi OJuAO O
1 hr 3 hr 7 hr 15 hr 30 hr 4 days 8 days I6days 32 days 50 days
1 10 i +10 +10 + 5 0 -20 -35 -70 -110 -135 -150 -140
1 10 ii +10 +10 + 5 0 -15 -25 -60 - 70 - 75 + 15 +215
1 20 I +30 +30 +20 +20 +20 +10 -10 - 30 - 25 - 60 -190
i 20 ii +10 +10 -20 0 + 5 0 -10 -  40 - 40 - 65 -260
i 4 I +15 +10 +15 +10 +10 + 5 + 5 - 10 - 60 - 70
i u ii *10 +15 +10 +10 0 0 + 5 - 5 +  15 +  90
12 10 I +10 +10 +10 0 -10 -20 -40 - 20 +  50 +210 +365
12 10 ii +10 +10 +10 0 -20 -30 -75 - 95 - 75 + 30 +140
12 20 i +10 +10 +10 +10 0 0 0 - 30 - 25 - 60 -180
12 20 ii +15 0 -20 0 +  5 0 0 - 75 80 -100 -250
12 4 i +10 +  5 +  5 0 -10, -10 -10 - 30 - 50 - 30
12 u ii +15 +15 +15 +  5 0 0 0 - 20 - 35 - 15
2- 10 I - 5 -  5 - 5 -15 -35 -45 -85 -120 -145 -165 -175
2 10 ii GAGE OUT
2 20 i +10 +10 0 0 -10 -10 -25 - 50 - 50
Oo1 -220
2 20 11 GAGE OUT
2 4 I 0 0 0 -10 -20 -25 -20 - 30 - 85 - 65
2 4 II + 5 + 5 + 5 - 5 -15 -15 -15 - 30 - 75 - 70
11 10 I + 5 0 - 5 -10 -30 •40 -80 -110 -130 -130 —140
11 10 II 0 0 0 -10 -25 -40 -85 -105 -125 - 60 + 5
11 20 I GAGE OUT
11 20 II +10 -10 -20 0 0 0 -10 -120 -120 -120 -290
11 4 I 0 0 0 -  5 0 0 -10 - 30 + 25 +460
11 4 II + 5 + 5 + 5 - 5 -10 -20 -25 - 50 -110 -220
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C E N T E R L O A D D A T A S H E E T S T R A I N XI0-6 i n / 1 n
GAGE SLAB QUAD 6 TIME PROM LOAD
1 hr 3 hr 7 hr 15 hr 30 hr 4 days 8 days 16 days 32 days 50 days
3T 10 I-. + 20 + 20 + 10 + 10 - 10 - 20 - 80 -105 -130 -155 -170
3T 10 II + 15 + 15 + 10 + 5 - 15 - 25 - 90 -120 -150 -165 -190
3T 20 I + 30 + 30 + 20 + 15 + 10 0 - 40- -100 -115 -160 -310
3T 20 II + 20 + 10 - 15 + 10 + 10 + 10 + 10 - 35 - 20 - 50 -220
3T 4 I GAGE OUT
3T 4 II + 20 + 20 + 15 + 10 0 + 5 + 15 + 10 0 + 10
3R 10 I - 40 - 40 - 40 - 45 - 70 - 80 -250 -220 -245 -170 -150
3R 10 II — 80 - 80 - 80 - 90 -no -110 -165 -175 -170 - 50 + 40
3R 20 I - 70 - 70 - 75 - 70 - 75 - 70 - 30 - 20 + 10 ♦ 65 +455
3R 20 II - 40 — 40 - 70 - 50 - 45 - 50 - 60 -no -100 -140 -300
3R 4 I - 55 - 55 - 60 - 70 - 95 - 90 - 70 - 90 - 90 0
3R 4 II - 60 - 60 - 60 - 65 - 70 - 70 - 60 - 55 + 5 +205
3D 10 I - 20 - 20 - 25 - 30 - 50 - 60 -155 -170 -185 - 70 + 40
3D 10 II - 40 - 40 - 50 - 55 - 80 -90 -150 -185 -220 -230 -210
3D 20 I - 5 - 10 - 15 - 20 - 30 - 40 - 60 -n5 -125 -155 -260
3D 20 II GAGE OUT
3D 4 I GAGE OUT
3D 4 II - 15 - 15 - 15 - 25 - 25 -25 - 15 - 25 - 45 - 50
5 10 I +245 ■*260 +270 +270 +265 ■*260 +220 +210 +210 +25 0 +295
5 10 II +120 +120 +125 +120 +110 +105 + 60 + 30 + 10 + 25 + 30
5 20 I + 60 + 65 + 60 + 50 + 50 + 60 +105 +165 +290 +780 OUT
5 20 II + 5 - 10 - 25 - 10 - 10 - 10 - 30 - 70 - 80 -no -290
5 4 I + 45 + 40 + 40 + 35 + 30 + 25 + 30 + 20 + 35 +210
5 4 II - 20 - 20
♦
- 20 - 25 - 35 - 35 - 35 - 45 - 30 + 20
C E N T  EMI L 0~A D
D A T A S H E E T
S T R A I N  XIO"6 1 n / i n
GAGE SLAB QUAD e TIME FROM LOAD
1  hr 3 hr 7 hr 15 hr 30 hr A days 8 days 16 days 32 days 50 days
AT 10 I ♦ A5 ♦ A5 + AO + 35 + 15 + 10 - A5 - 65 - 85 - 85 - 95ADy 10 II - 50 - 55 - 55 - 65 - 85 - 95 -190 -200 -220 -155 - 80AT 20 I + AO ♦ AO + 30 + 30 + 20 + 10 - 5 - AO - 35 - AO -noAT 20 II + 30 + 10 - 5 ♦ 20 + 20 + 10 + 10 - 55 - 60 - 85 -260AT A I + A5 + AO + 35 + 10 - 30 - AO - 20 - 65 -180 -165AT A II + 25 + 25 + 25 + 20 + 20 + 25 + AO + AO + AO ♦ 70
AR 10 I -195 -200 -210 -210 -230 -230 -320 -310 -330 -320 -325AR 10 II -160 -165 -170 -180 -200 -220 -300 -330 -370 -395 -A254R 20 I -200 -190 -205 -210 -220 -2A0 -280 -320 -325 -360 -500
AR 20 II -110 -120 -150 -125 -120 -135 -H5 -195 -195 -230 -AOO
AR A I -1A5 -1A0 -150 -155 -180 -185 -165 -160 - 50 + 80
AR A II -no -HO -no -H5 -no -no -120 -105 +H 5 +380
AD 10 I - AO — AO - 50 - 55 - 75 - 85 -no -150 -160 - 65 + 20
ADh 10 II - 80 - 85 - 90 - 95 -115 -125 -190 -185 -155 - 35 + 55
AD 20 I - 75 - 70 - 75 - 80 - 85 - 95 -no -no -no - 35 + AOAD 20 II - AO - AO - 70 - 50 - A5 - 50 - 65 -120 -120 -170 -355
AD A I - 50 - 50 - 50 - 75 -no -120 - 90 -100 + 35 ♦225AD A n - 35 - 35 - AO - A5 - 55 - 55 - A5 - A5 ♦ 80 +220
8 10 I - 85 - 85 - 90 - 95 -115 -130 -170 -205 -225 -170 -1358 10 II - 85 - 90 - 95 -100 -125 -no -170 -205 -230 -690 -3A0
8 20 I - 90 - 90 -100 -100 -no -120 -135 -155 -155 -205 -350
8 20 ' II - 60 - 70 - 95 - 70 - 70 - 80 - 95 -130 -130 -160 -330
8 A I - 65 — 65 - 70 - 80 - 85 - 95 - 85 -100 - 25 + A5
8 A II - 50 - 50 - 55 - 55 - 65 - 65 - 65 - 70 ♦ 5 +U5
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C E N T E R  L O A D
D A T A  S H E E T
S T R A I N X 10-° i n / i n
GAGE SLAB QUAD £ TIME FROM LOAD1 hr. 3 hr. 7 hr. 15 hr. 30 hr. 4 days 8 days 16 days 32 days 50 days
6T 10 I +60 +60 +60 +60 +50, +50 +10 +75 +160 +450 +660
6T 10 II +55 +55 +50 +40 +20 +5 -85 -no -150 -170 -215
6t 20 I GAGE OUT
6T 20 II +40 +20 +15 +30 +35 +35 +40 +20 +25 0 -170
6t 4 I +45 +45 +40 +30 +15 -10 -30 -55 -155 -16q
6T 4 II +50 +50 +50 +50 +55 +55 +70 +100 +140 +175
6R 10 I -290 -295 -305 -315 -340 -360 —420 -460 -500 -540 -580
6R 10 II -230 -230 -240 -250 -295 -335 -570 -590 -660 -615 -685
6R 20 I -260 -260 -270 -570 -280 -290 -315 -350 -350 -410 -560
6R 20 II -150 -170 -180 -170 -170 -180 -180 -220 -230 -260 -380
6R 4 I GAGE OUT
6R 4 II -140 -140 -140 -145 -150 -150 -130 -n5 -145 -140
6D 10 I -50 -150 -150 -185 -295 -325 -380 -430 -455 -505 -530
6D 10 II -90 -95 -100 -no -135 -155 -310 -330 -390 -420 -460
6D 20 I -100 -100 -100 -105 -no -n5 -125 -145 -145 -170 -265
6D 20 II -45 -60 -70 -50 -50 -50 -50 -90 -95 -130 -295
6D 4 I -110 -110 -n5 -125 -145 -155 -155 -175 -175 -95
6D 4 II -70 -70 -70 -70 -70 -55 -50 -50 -80 -80
7T 10 I +35 +35 +30 +30 +15 +15 -50 -20 i +15 +235 +400
7T 10 II +25 +25 +20 +15 0 -5 -85 -95 -n5 -n5 -145
7T 20 I +40 +40 +40 +40 +30 +30 +30 0 +20 +60 +80
7T 20 II +40 +40 +40 +30 +30 +30 +30 -10 0 -40 -210
7T 4 I +35 +35 +30 +30 +15 +15 +10 -40 -30
7T 4 II +40 +40 +40 +40 +45 +50 +120 +280 +290 +30
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C E N T E R  L O A D
D A T A  S H E E T
S T R A I N X 10-6 i n / i n
GAGE SUB QUAD e TIME FROM LOAD
1 hr. 3 hr. 7 hr. 15 hr. 30 hr. 4 days 8 days 16 days 32 days 50 days
7R 10 I -no -no -n5 -120 -140 -155 -210 -235 -300 -350 -350
7R 10 II -85 -80 -90 -100 -120 -135 -225 -245 -265 -180 -165
7R 20 I -100 -100 -no -no -120 -130 -155 -200 -200 -190 -240
7R 20 II -100 -100 -105 -no -120 -130 -140 -180 -180 -220 -290
7R 4 I -95 -95 -95 -100 -100 -no -100 -80 +190 +520
7R 4 ./II -100 -95 -100 -no -125 -125 -105 -n5 +90 +410
7D 10 I -40 -45 -50 -55 —80 -90 -140 -170 -195 -175 -135
7D 10 II -5 -5 -10 -15 -25 -35 -80 -90 -90 +5 +80
7D 20 I -25 -15 -25 -20 -20 -15 +5 +5 +15 -15 -115
7D 20 II -10 -25 +45 +135 GAGE OUT
7D 4 I -25 -25 -30 -35 -45 -45 -40 -30 +160 +490
7D 4 II -25 -25 -30 -35 -45 -40 -20 -5 +310 +665
9T 10\ I +45 +45 +40 +35 +20 +10 -30 -60 -80 -100 -100
9DV 10 II -35 -35 -40 -45 -65 -75 -120 -145 -195 -215 -235
9T 20 I +40 +40 +40 +40 +40 +40 ' -80 -205 -310 -440 -650
9T 20 II +30 +20 0 +20 +20 +10 +10 -35 -35 -70 -245
9T 4 I +25 +25 +20 0 -25 -25 +10 -5 +45 +235
9T 4 II +20 +15 +15 +5 -5 -10 -5 +20 +125 J290
9R 10 I -205 -210 -220 -225 -250 -260 -310 -340 -370 -365 J -360
9R 10 II -180 -185 -195 -205 -235 -255 -320 -365 -400 -380 —410
9R 20 I -180 -190 -195 -195 -200 -210 -220 -260 -275 -340 -440
9R 20 II -no -140 -150 -130 -130 -130 -125 -170 -150 -160 -240
9R 4 I -145 -145 -150 -160 -175 -180 -170 -180 -100 +30
9R 4 II -80 -80 -85 -90 -100 -105 -95 -90 -120 -85
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C E N T E R  L 0 A D
D A T A S H E E T
S T R A I: n x io-16 i n / i n
GAGE SLAB QUAD TIME FROM LOAD
1  hr. 3 hr. 7 hr. 15 hr. 30 hr. 4 days 8 days 16 days 32 days 50 days
9D 10 I -50 -50 -60 -60 -80 -90 -140 -150 -145 -50 +20
9Dh 10 II -85 -85 -95 -105 -145 -175 -275 -300 -330 -305 -310
9D 20 I -45 -45 -50 -50 -50 -50 -90 -230 -280 -380 -580
9D 20 II -10 -10 -20 -20 -20 -30 -30 -55 —J+0 -30 -60
9D 4 I -45 -45 -50 -55 -65 -55 -65 -85 -45 +25
9D 4 II -30 -35 -35 -40 -45 -45 -35 -50 -105 -95
10T 10 I ♦15 +15 +10 +10 -10 -15 -65 -60 -35 +125 +255
10DV 10 II -5 -5 -10 -10 -30 -40 -130 -145 -180 -180 -180
10T 20 I +20 +30 +20 +20 +20 +20 +30 +5 +15 0 -80
10T 20 II +10 -10 -20 0 0 -5 -10 -65 -60 -100 -275
10DV 4 I -5 -5 -5 -10 -20 -20 -15 -20 +40 +230
10T 4 II +15 +15 +15 +10 +5 0 +20 +60
10R 10 I -70 -75 —80 -85 -105 -115 -170 -200 -230 -250 -250
10R 10 II -60 -60 -65 -70 -90 -105 -155 -190 -220 -255 -275
10R 20 I -55 -60 -65 -65 -70 -80 -100 -150 -160 -230 -390
10R 20 II GAGE OUT
10R 4 I -55 -60 -60 -70 -85 -90 -80 -85 +20 +165
10R 4 II -60 -60 -65 -65 -70 -70 -60 -55 +25 +U5
10D 10 I -10 -15 -20 -25 -40 -50 -90 -100 -75 +145 +305
10Dh 10 II -30 -30 -30 -40 -55 -75 -n o • -130 -145 -130 -80
10D 20 I -5 -5 -15 -15 -15 -25 -45 -85 -90 -105 -165
10D 20 II GAGE OUT
10Dh 4 I -25 -25 -25 -25 -45 -50 -20 +40 GAGE OUT
10D 4 II -10 -10 -15 -20 -30 -30 -10 +10 +310 +540
APPENDIX B
STRAIN DATA FOR SLABS WITH SYMMETRICAL LOAD
S Y M M E T R I C A L  L O A D
D A T A S H E E T
S T R A I N X 10-6 i ,n / i n
GAGE SLAB QUAD ....O. - TIME FROM LOADC*
1 day 2 days 4 days 8 days 16 days 32 days 50 days
1 8 I -10 -110 -180 -220 -270 -270 -205 -55
1 8 II -20 -120 -190 -255 -290 -315 -335 -350
1 8 III -15 -125 -185 -260 -300 -325 -360 -365
1 8 17 -15 -115 -190 -230 -295 -315 -350 -365
1 28 I +15 -30 -25 -25 +20 +145
1 28 II +20 -35 -40 -60 -85 -80
1 28 III +20 -35 -40 -40 -45 -40
1 28 IV +20 -40 -45 —60 -90 -95
1 26 I +10 0 . 0 0 -10 -35 -70 -100
1 26 II +15 0 -10 -5 -10 -75 -130 -185
1 26 III +20 +20 +15 +20 +10 -10 -50 -80
1 26 IV +15 +10 +5 +15 +25 +35 +50 +45
2 8 I -30 -130 -205 -250 -315 -345 -375 -385.2 8 II -20 -125 -195 -260 -300 -320 -310 -290
2 6 III -15 -80 -100 -140 -140 -140 -20 -100
! 2 8 IV -15 -115 -180 -215 -250 -255 -160 -30
2 28 I +20 -45 -50 -70 -70 -40
2 28 II -40 -25 -25 -15 +55 +1152 28 III GAGE OUT
2 28 IV +15 -45 -55 -65 -85 -702 26 I +5 +5 -5 +5 GAGE OUT
2 26 II GAGE OUT
2 26 III 0 -10 -20 -20 -25 -80 -140 -190
2 26 IV +20 +60 +80 +140 +390 +650 +705 +710
S Y M M E T R 'I C A L  L O A D
D A T A S H E E T
S T R A I N X 10- 6 in / in
GAGE SLAB QUAD e
TIME FROM LOAD
1 day 2 days A days 8 days 16 days 32 days 50 days
3T 8 I -AO -1A0 -210 -255 -320 -325 -320 -230
3T 8 II -20 -120 -200 -270 -325 -325 -345 -360
3T 8 m -30 -125 -195 -260 -290 -285 -225 -155
3T 8 IV -35 -135 -200 -235 -280 -290 -305 -310
3T 28 i +10 -10 0 +5 +45 +80
3T 28 ii -30 -20 -15 -10 +5 +10
3T 28 h i +15 +60 +85 +145 +370 +495
3T 28 IV +10 +A0 +70 +130 +300 +470
3T 26 i -5 -10 -10 0 0 -10 -30 -60
3T 26 ii -10 -10 -10 . 0 +30 +110 +255 +355
3T 26 h i -5 -5 -5 +5 -5 -25 -65 -95
3T 26 IV 0 +30 +A5 +105 +250 +540 +910 JL70
3R 8 i -95 -195 -270 -315 -380 ^05 -440 -445
3R 8 ii -80 -185 -265 -3A5 ' -395 -415 -395 -440
3R 8 i n -100 -200 -270 -3A0 -370 -375 -300 -250
3R 8 IV -90 -185 -290 -320 -285 -160 —60
3R 28 i -50 -80 -70 -40 +U5 +250
3R 28 ii -90 +A0 +130 +355 +1400 OUT
3$ 28 iii -50 +290 +A80 +950 OUT
3R 28 IV -AO +30 +50 +60 +45 -j,-+-55
3R 26 i -85 -85 -90 -70 -45 +10 +105 +150
3R 26 ii -80 -80 -35 -85 -80 - n o -150 -190
3R 26 i n -95 -100 -100 -100 -110 -125 -60 -195
3R 26 IV -90 -95 -100 -90 -90 -1A0
<4
-175 -220
S Y M M E T R I C A L  L O A D
D A T A S H E E T
S T R A I N X 10-6 i n / i n
GAGE SUB QUAD e
TIME FROM LOAD
1 day 2 days A days 8 days 16 days 32 days 50 days
3D 8 I -75 -175 -255 -295 -365 -390 -420 -430
3D 8 II -AO -145 -220 -290 -330 -350 -315 -270
3D 8 III -50 -150 -215 -280 -310 -320 -295 -255
3D 8 IV -50 -150 -210 -240 -270 -250 -n5 +20
3D 28 I -10 -55 -55 -60 -65 -65
3D 28 II -80 -90 -90 —80 -85 -85
3D 28 III -20 -30 -10 +30 +40 +20
3D 28 IV -5 +10 +20 +30 +50 +60
3D 26 I -30 -35 -45 -35 -35 -55 -75 -105
3D 26 II -30 -35 -AO -40 -AO -75 -95 -120
3D 26 III -35 -AO -50 -40 ^ 0 -90 -130 -180
3D 26 IV -25 -25 -20 -5 +10 -5 -20 -45
AT 8 I -20 -120 -195 -230 -285 -280 -215 -130
4T 8 II -20 -120 -195 -265 -305 -335 -355 -365
8 III -105 -205 -280 -250 -390 -420 -450AT 8 IV -15 -no -180 -210 -250 -210 -40 +90AT 28 I +15 -5 +5 +5 +50 +135AT 28 II +A5 -140 -90 +135 +875 OUTAT 28 III +25 +n5 +125 +130 +135 +150AT 28 IV +20 +345 +525 +1040 OUTAT 26 I +5 +10 +5 +20 +25 +55 +55 +45AT 26 II +5 +10 +20 +40 +100 +200 +300 +370AT 26 III +25 +30 +30 +40 +60 +85 +90 +125AT 26 IV +25 +30 -30 +50 +70 +75 +75 +95
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S Y M M E T R I C A L  L O A D
D A T A  S H E E T
S T R A I N X H r 6 i n / i n
GAGE SLAB QUAD e TIME IROM LOAD
1 day 2 days ! 4 days 8 days 16 days 32 days 50 days
4R 8 I GAGE OUT
4R 8 II -150 -255 -330 -A05 -440 -465 -475 -415
4R 8 III -150 -250 -335 -400 -440 -465 -A95 -490
AR 8 IV -130 -230 -300 -340 -400 -400 -400 -390
4R 28 I -115 -135 -130 -135 -155 -140
AR 28 II -140 -190 -185 -200 -200 -185
AR 28 III -115 -65 -5 ’ +195 +780 OUT
AR 28 IV -70 -75 -75 -85 -75 -50
AR 26 I -200 -205 -200 -190 -170 -25 +160 +305
AR 26 II -150 -160 -160 -150 -no +80 +580 +1225
AR 26 III -220 -225 -230 -220 -215 -220 -210 -160
AR 26 IV -210 -120 -125 -195 -175 -150 -145 -170
AD 8 I -75 -175 -250 -295 -365 -395 -425 -420
AD 8 II -75 . -175 -245 -315 -360 -385 -405 -390
ADV 8 III -50 -150 -215 -280 -305 -305 -280 -150
AD 8 IV -90 -190 -255 -300 -365 -390 -A25 -440
AD 28 I -30 -80 -70 —60 -15 +40
AD 28 II -40 -90 —100 -n5 -125 -125
AD 28 III -40 -20 -35 -50 -70 -80
AD 28 IV -30 -30 -20 -15 -25 -30
AD 26 I GAGE OUT
AD 26 n -95 -105 -no -no -n5 -145 -190 -230
AD 26 h i —60 —60 -70 —60 -65 -105 -140 -170
AD 26 IV -40 -50 -65
*
-50 -AO -95 -130 -190
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s
D A T A  S H E E T
Y M M E T R I C A L  L O A D  S T R A I N X IQ”6 i n / i n
GAGE SLAB QUAD e
TIME FROM LOAD
1 day 2 days 4 days 8 days 16 days 32 days 50 days
5 8 I -115 -220 -300 -350 -410 -440 -480 -465
5 8 n -no -210 -280 -340 -280 -410 -430 -440
5 8 III -125 -230 -300 -375 -410 -430 -435 -430
5 8 IV -no -210 -275 -320 -370 -390 -345 -325
5 28 I -80 -175 -180 -210 -250 -240
5 28 II -100 -160 -170 -190 -210 -210
5 28 III -90 -30 +30 +200 +720 out
5 28 IV -75 -130 -140 -160 -195 -190
5 26 I -120 -130 -140 -140 -150 -200 -240 -285
5 26 II -100 -105 -n5 -120 -130 -150 -200 -230
5 26 III -105 -105 -100 -90 -65 -55 . -90 -105
5 26 IV -130 -340 -140 -140 -170 -195 -245 -275
6T 8 I -20 -120 -195 -240 -265 -275 +305 +920
6T 8 II 0 -95 -170 -230 -260 -270 -245 -230
6T 8 III -5 -105 -175 -245 -280 -300 -250 -195
6T 8 IV -5 -105 -165 -200 -245 -240 -105 -5
6T 28 I +35 +70 +120 +250 +630 OUT
6T 28 II +30 -90 -100 -130 -175 -205
6T 28 III +40 -95 -140 -175 -235 -270
6T 28 IV +40 +150 +135 +105 +75 +956T 26 I +25 +25 +35 +40 +50 +85 +170 +1956T 26 II +20 +10 +10 +30 -- +110— +175 +345 +4456T 26 III +15 +25 • +35 : +65 +165 +395 +605 +7806T 26 IV +30 +20
____________
+15 +20 +20 -55 -no -180
S Y  M M E
D A T A  S H E E T
T R I C A L  L O A D  S T R A I N X 10-6 i n / i n
GAGE SLAB QUAD 6
1 day 2 days 4 days 8 days 16 days 32 days 50 days
6r 8 I -140 -240 -315 -360 -405 -410 -360 -300
6R '(& II -125 -235 -335 -415 —480 -490 -525 -5406R 8 III -190 -295 -365 -430 -460 -460 -360 -2656R 8 IV -150 -250 -325 -365 -415 -405 -305 -2256R 28 I -40 -240 -245 -250 -225 -1906R 28 II -125 -165 -165 -175 -165 -1306R 28 III -145 -85 -65 -65 -95 -1206r 28 IV -80 -150 -180 -220 -240 -200
6R 26 I -140 -140 -140 -140 -150 -170 -2006R 26 II -115 -115 -115 -95 -90 -105 - n o6R 26 m -140 -140 -140 -120 -115 -140 -170 -210
6R 26 IV -180 -180 -180 -170 -160 -165 -175 -190
6D 8 i —80 -180 -255 -300 -360 ■ -280 -350 -3056D 8 ii -75 -180 -255 -320 -355 -375 -360 -3256d 8 i n -80 -170 -240 -295 -310 -290 -180 -90
6D 8 IV -75 -170 -240 -270 -320 -310 -250 -210
6D 28 i -40 -80
(-70) —80 -80 -90 -80
6D 28 ii -50 -120 -130 -150 -180 -190
6D 28 h i -45 -90 -90 -80 -45 -10
6D 28 IV -20 0 0 +10 +10 +30
6D 26 i -60 -60 -65 -60 -70 -90 -130 -170
6D 26 n -55 -60 -80 -80 -70 -150 -200 -260
6D 26 h i -60 -65 -75 -65 -60 - n o -140 -190
6D 26 IV -55 -70 -80 -75 —80 - n o -100 -85
80
D A T A  S H" E E T
S Y M M E T R I C A L  L O A D '  S T R A I N !  10“6 in / in
GAGE S UB QUAD €
TIME FROM LOAD
1 dav 2 davs 4 davs 8 davs 16 days 32 days 50 days ..
7T 8 I +10 -90 -160 -195 -235 -220 -145 -70
7T 8 II +10 -85 -160 -230 -270 -290 -275 -260
7T 8 III +10 -90 -155 -220 -245 -245 -180 -120
7T 8 IV +15 -85 -155 -195 -260 -275 -305 -305
7T 28 I +50 +80 +120 +260 +880 OUT
7T 28 II +60 A +130 +210 +370 +1180 OUT
7T 28 III +55 +120 +150 +180 +205 +250
7T 28 IV +55 +195 +215 +335 +665 +945
7T 26 I +40 +40 +40 +50 +50 +65 +65 +55
7T 26 II +45 ■■*355 +35 +35 +30 -15 -95 -155
7T 26 III +45 +45 +45 +60 +60 +55 +45 +20
7T 26 IV +85 +100 +110 +145 +265 +520 +865 +1075
7R 8 I -200 -300 -365 -380 -420 -380 -350 -335
7R 8 II -210 -320 -395 -470 -510 -545 -575 -595
7R 8 III -230 -340 -415 -490 -530 -560 -600 -605
7R 8 IV -200 -290 • -£50 -380 -430 -445 -460 -480
7R 28 I -210 -160 -95 +95 +820 OUT
7R 28 II -230 -290 -290 -305 -315 -305
7R 28 III -185 +250 +500 +1115 OUT — -
7R 28 IV -95 -30 +165 +635 +845
7R 26 I -280 -290 -300 -300 •310 -340 -380 -410
7R 26 II -240 -250 -250 -250 -240 -210 -140 -100
7R 26 III -240 -220 -200 -165 -105 +150 +330 +480




ci Y M H E T R I
D
C A L  L O A D
A T A S H E E T
S T R A I N X 10-6 in / in
GAGE SLAB QUAD €
TIME FROM LOAD
1 day 2 days 4 days 8 days 16 days 32 days 50 days
7D 8 I -165 -270 -340 -390 -460 -490 -520 -530
7D . 8 II -90 -195 -265 -330 -360 -365 -320 -275
7D 8 III -135 -235 -315 -385 -420 -425 -380 -330
7D 8 IV -65 -165 -235 -280 -330 -330 -230 -135
7D 28 I -60 - -105 -100 -120 -130 -85
7D 28 II -85 -135 -135 -135 -90 +5
7D 28 III -85 -115 -115 -115 -130 -140
7D 28 IV -65 —80 -90 -100 -135 -175
7D 26 I -120 -90 -100 -120 -60 +330 OUT ----
7D 26 II -75 -85 -90 -90 -90 -125 -175 -220
7D 26 m -no -100 -90 -70 -50 -35 -30 -40
7D 26 IV -130 -145 -170 -175 -200 -310 -395 -465
8Dh 8 i -no -210 -280 -315 -375 -390 -385 -370
8T 8 ii -15 -n5 -185 -245 -265 -260 -170 -75 '
8T 8 h i 0 -95 -165 -215 -225 -180 +35 +155
8T 8 IV -25 -130 -200 -250 -300 -280 -220 -160
8T 28 i +20 +20 +40 +90 +255 +355
8T 28 ii +10 -710 -760 -770 -405 +50
8T 28 h i +10 +40 +45 +40 +20 +15
8T 28 IV +25 +50 +65 - ^ 8 5 +105 +115
8T 26 i +5 +5 ' 0- o - +10 ~ +40 +105 +180
8T 26 ii 0 0 -10 -10 -15 -55 -no -155
8T 26 h i +10 +25 +40 +75 +155 +365 +610 +815




[ H M E T R I C A L  L O A D
A T A  S H E E T
S T R A I N X 10-6 i n / i n
GAGE SLAB QUAD e TIME FROM LOAD
1 day 2 days 4 day3 8 days 16 days 32 days 50 days
8R 8 I -95 -200 -275 -320 -365 -385 -380 -395
8R 8 II GAGE OUT
8R 8 III -185 -265 -320 -365 -385 -380 -315 -245
8R 8 IV -165 -260 -340 -380 -440 -445 -340 -210
8R 28 I -no -205 -205 -205 -155 -90
8R 28 II -160 -140 -90 +10 +410 +770
8R 28 III -190 -285 -280 -220 -130
8R 28 IV -100 -30 +65 +375 +1310 OUT
8R 26 I -205 -215 -225 -225 -225 -205 -205 -200
8R 26 II -165 -180 -190 -205 -235 -290 -330 -345
8R 26 III -200 -180 -170 -120 -10 +315 +655 +920
8R 26 IV -170 -185 -195 -190 -190 -220 -260 -300
8Dv 8 I -70 -175 -240 -295 -360 -385 -405 - 4 1 5
8D 8 II -65 -165 -235 -295 -325 -335 -165 -185
8D 8 III -90 -180 -245 -295 -240 -225 -90 -5
8D 8 IV GAGE OUT
8D 28 I -20 -70 -70 -80 -90 -100
8D 28 II -35 +20 -80 -80 +45 +175
8D 28 III -170 -160 -145 -130 -90 -40
8D 28 IV -10 2Qr -10 +15 +n5 +220
8D 26 I -85 -90 -95 -85 -60 -35 +25 +90
8D 26 II -60 -75 -85 -95 -100 -160 -210 -255
8D 26 III -120 -130 -135 -130 -140 -190 -240 -290
8D 26 IV -100 -no -n5 -105 -90 -125 -160 -200
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D A T A S H E E T
S Y M M E T R I C A L  L O A D  S T R A I N X  1CT 6 i n / i n
GAGE SUB QUAD £
f'IME FROM LOAD
1 dav 2 days 4 days 8 days 16 days 32 days 50 days
9 8 I -105 -205 -275 -320 -385 -415 -465 -475
9 8 I I -90 -190 -265 -335 -375 -405 -445 -460
9 8 I I I -100 -200 -270 -350 -380 -410 -450 -465
9 8 IV -95 -195 -265 -310 -370 -375 -335 -285
9 28 I -75 -165 -170 -185 -205 -195
9 28 I I -100 -145 -130 - n o -170 -170
9 28 I I I -85 -165 -205 -215 -245 -240
9 28 IV -50 +10 +120 +470 +375 OUT
9 26 I -85 -95 -105 -105 -95 -115 -115 -no
9 26 I I -90 -95 - n o -120 -125 -160 -JL95 -235
9 26 I I I -90 -100 -100 -100 - n o -165 -205 -250
9 26 IV -105 -110 -120 -120 -140 -180 -220 -250
ID 8 I -85 -185 -260 -300 -350 -360 -335 -290
10 8 I I -70 -175 -245 -320 -365 -395 -435 -460
10 8 I I I -75 -175 -245 -320 -350 -370 -335 -280
10 8 IV -75 -180 -255 -375 -405 -415 -410
10 28 I -45 -120 -125 -145 -170 -175
10 28 I I -50 -125 -130 - n o -125 -no
10 28 I I I -65 -190 -170 -185 -200 -200
10 28 IV -35 +230 +550 OUT
10 26 I -60 —6o -75 -75 -70 -95 -105 -135
10 26 I I -65 -85 -90 -100 -105 -150 -195 -240
10 26 I I I -80 —80 -80 -85 - n o -135 -180 -215
10 26 IV -75 -80 -90 -85 -105 -160 -210 -260
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S Y M M E T R I C
D A T A  S H E E T
A L  L O A D  S T R A I N X  1CT6 i n / i n
GAGE SLAB QUAD e TIME .FROM LOAD _____1 day 2 days 4 days 8 days 16 days 32 days 50 days
11 a I -50 -150 -225 -265 -335 -365 -400 -395
11 8 II -50 -145 -220 -280 -320 -340 -360 -370
11 8 III -60 -160 -235 -295 -320 -320 -200 -105
11 8 IV -50 -160 -230 -280 -345 -380 -425 -440
11 28 I -10 -8R -85 -105 -130 -120
11 28 II -75 -90 -95 - n o -125 -120
11 28 III -30 -90 -95 -105 -115 -95
11 28 IV -5 -90 -100 -100 -5 +60
11 26 I -30 -30 -45 -40 -40 -80 -85 -120
11 26 II -20 -30 -40 -40 -30 -35 -60 -80
11 26 III -35 -40 -45 -45 -60 -100 -150 -190
11 26 IV -40 -40 -50 -40 -50 -60 +20 +10
A - - 8 L -15 -120 -190 -230 -290 -310 -260 -200
A 8 R -15 -120 -190 -260 -300 -305 -300 -285
A 28 L +15 -25 -25 -25 -15 +20
A 28 R +20 +10 +20 +60 +175 +300
A 26 L +15 +10 0 0 0 -30 -60 -100
A 26 R +10 +5 0 0 -10 -40 -75 -115
B 8 L -25 -125 -200 -240 -310 -330 -325 -270
B 8 R -10 -120 -190 -255 -300 -325 -350 -355
B 28 L +30 +55 +55 +45 +5 -35
B 28 R +20 -20 -15 0 +95 +150
B 26 L +10 0 0 +5 +20 -10 -30 -70
B 26 R +10 +5 -5 -5 -a.5 -10 -15 -45
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S Y M M E T R I C A L  L O A D
D A T A  S H E E T
S T R A I N X 10~6 i n / i n
GAGE SLAB QUAD G TIME FROM LOAD
1 day 2 days 4 days 8 days 16 days 32 days 50 days
C 8 L -30 -130 -200 -245 -310 -345 -380 -385
C 8 R -10 -110 -180 -250 -290 -320 -325 -295
C 28 L +25 -40 -45 -65 -85 -75
C 28 R +25 0 +15 +40 +225 +415
C 26 L GAGE OUT
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